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REVIEW OF METHODS OF OPTICAL GAS DETECTION 
BY DIRECT OPTICAL SPECTROSCOPY, WITH EMPHASIS 
ON CORRELATION SPECTROSCOPY. 
 
1.  INTRODUCTION  
Gas sensors are of importance for a variety of environmental, industrial, medical, scientific 
and even domestic applications. The gas may be, for example, hazardous to human health, an 
atmospheric pollutant, or important, in terms of its concentration, for an industrial or medical 
process. Apart from systems merely providing an alarm signal, it is frequently required to 
obtain accurate real-time measurements of the concentration of a particular target gas, often in 
a mixture of other gases.  
 
Gas detection methods may be split into two groups, (i) direct methods, which monitor a 
physical parameter of the target gas, and (ii) indirect methods, which use a chemical reaction 
or indicator to show the concentration of the gas being sensed. This division of methods may 
be further split into optical sensing techniques and non-optical techniques. This review will 
predominantly focus on direct optical-spectroscopy fibre sensing techniques.  
 
A list of commonly used direct and indirect methods of gas detection methods is given in 
table 1, listing their principal advantages and disadvantages. 
 
Optical methods monitor the optical absorption/emission/scattering of a gas species at defined 
optical wavelengths. The distribution of this optical absorption/emission with wavelength 
provides an optical 'fingerprint' for any gas species present, and the magnitude typically 
shows the concentration. 
 
Direct spectroscopic optical methods provide a fast, accurate and stable measurement of a gas 
species, provided that it has significant absorption or emission of optical radiation over a 
suitable wavelength band. The simplest absorption-based methods usually involve probing at 
one wavelength, where absorption occurs, and also at a wavelength chosen to be essentially 
free of any absorption of the target gas (also preferably not absorbed by any likely 
contaminant, or referencing errors will occur). A comparison of the received powers from 
these wavelengths enables the target gas concentration to be deduced. 
 
The spectroscopic sensing of chemical species is not new. Most analytical chemistry 
laboratories possess at least one bench-top spectrophotometer for the recognition of a wide 
range of chemical species, based on their characteristic absorption, fluorescence or Raman-
scattering spectra, and normally optical gas sensing methods use more dedicated versions of 
such spectrometers. However, simple sensor heads can also be addressed using these more 
complex laboratory spectrometers, using optical fibre extension leads with suitable 
focussing/collimation optics to first launch the collimated instrument beams into the small-
area, wider-angle fibre aperture and then re-collimate the fibre exit beam to match the 
instrument. 
 
This talk will review the development of optical gas sensors, starting with an initial emphasis 
on optical-fibre remoted techniques and finishing with a particular focus on our own group’s 
work on highly selective methods using correlation spectroscopy. This latter section includes 
extensive theoretical modelling of a correlation spectroscopy method, and compares theory 
with practice for a CO2 sensor.  
 
 Method     Advantages  Disadvantages 
Direct Methods    
Optical spectroscopy:  
measurement of optical absorption, 
emission or scattering  
Offers a direct and rapid, and often highly 
selective means, of measuring gas concentration 
with good sensitivity. 
The gas must have a significant and distinct 
absorption, emission or scattering in a 
convenient region of the optical spectrum. 
Mass spectrometry  Very accurate and highly selective means of 
detecting concentrations of gas, including isotope 
abundance, etc. 
Slowly acting. 
Very bulky. 
Very expensive. 
Not easy to use on-line, as gas sampling 
necessary. 
Gas chromatography  Very accurate and highly selective means of 
detecting concentration. 
Very expensive 
Not easy to use on-line, as gas sampling 
necessary. 
Indirect Methods   
Interaction with a chemical indicator   Can be highly specific, if suitable indicator. 
 Can measure total exposure over time 
(dosimetry), if a non-reversible reaction is used. 
Can allow operation at a convenient wavelength, 
when gas has no convenient absorption in that 
spectral range. 
Poisoning can occur, and is easily fouled. 
Sensitive to groups of chemicals, Eg. acid 
gases, rather than to a specific gas.  
May exhibit non-reversible behaviour, 
which, in many cases, may be undesirable. 
May need water vapour present, to act as a 
catalyst, if “dry” reaction is too slow. 
Sensors involving interaction with the 
surface of a semiconductor , or ceramic 
layer, e.g.(CHEMFETS and other 
electrochemical sensors) 
Low cost. 
Can measure total exposure over time, if a non-
reversible reaction is used. 
Poisoning can occur. 
May exhibit non-reversible behaviour, 
which may be undesirable. 
May consume analyte. 
Catalytically induced combustion and 
measurement of the heat change 
(Pellistor gas sensors)  
Low cost and practical means of detecting 
presence of flammable gases. 
Poisoning can occur. 
Sensitive to groups of gases, rather than 
specific gas in a group.  
If other flammable gas is present, may give 
reading which is not predictably related to 
the lower explosive limit (LEL). 
 Table 1: Advantages and Disadvantages of Gas Detection Method
 
2.  OPTICAL CORRELATION GAS SENSORS  
A review of optical-fibre remoted correlation techniques will then be discussed. This includes 
a discussion of differential methods utilising dual wavelength operation. Inaba [1] suggested 
the use of a dual-wavelength laser to realise a differential absorption method that could be 
used over many kilometres of low-loss optical fibre, provided that suitable gas absorption 
bands are present. This typically involves the comparison of the received power at two, or 
more, different wavelengths, each having passed through a remote measurement gas cell, so 
that the differential absorption of the gas sample could be used to infer the concentration of 
the target gas. Systems that developed this principle will be discussed [2, 3, 4]. A schematic 
of the system developed by Hordvik [3] is shown in Figure 1. 
  
Figure 1: Schematic of a differential fibre-optic detection system (redrawn from diagram in 
Hordvik et al.) 
 
Other forms of spectrophotometric processes rely on  Raman scattering. One such system that 
will be discussed is that developed by Samson [5], a schematic of which is shown in Figure 2.   
Figure 2: Schematic of gas sensor using Raman Scattering (Redrawn from Samson). 
Our own area of research, correlation spectroscopy, will also be reviewed and a detailed 
discussion of the expected response from such a system will be given [6]. The schematic of 
such a system is shown in Figure 3. 
  
Figure 3: Schematic of a Complementary Source Modulation method of correlation spectroscopy. 
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